Production characterization of serratiopeptidase (STP) enzyme by Serratia marcescens was the aim of this study. Serratia marcescens was allowed to grow in Tryptone Yeast Extract Glucose broth culture for the purpose of inducing STP (serrapeptase or serratiopeptidase) enzyme. The optimal conditions for STP production by Serratia marcescens were; 0.5 % substrate(Gelatin) concentration; 24 h incubation period; 32ºC incubation temperature and 6.0 pH ; the best buffer for production of STP enzyme was phosphate buffer. The best broth ingredient was tryptone; An optimum carbon sources was glucose; an optimum nitrogen source for STP enzyme production was tryptone; Valine was the best amino acids for the production of STP enzyme; the utilization of organic acids, acetic, citric, lactic acid decreased STP enzyme production at different concentrations above 3.0%. The STP enzyme was partially purified by ammonium sulfate precipitation and dialysis. The enzyme was found to have 52 KDa molecular weight by SDS -PAGE analysis. The STP enzyme activity increased as the increase in enzyme concentration. The data obtained emphasizes the possibility of production and purification of the microbial STP enzyme for application under industrial scale.
Introduction
The proteolytic enzymes in common use today is derived from bacteria (serrapeptase grown from Serratia marcescens cultures), plants (bromelain from pineapple stem and papain from papaya), and animal sources (trypsin and chymotrypsin from hogs or cattle). They're all generally useful, but for many applications serrapeptase appears to be the most useful of them all. Serrapeptase was compared to trypsin, chymotrypsin, and pronase (another microbial peptidase) in a rat model of scalding, which is known to induce abnormal activation of fibrinolysis. Serrapeptase was far more effective than any other enzyme in repressing fibrinolysis in this model, in agreement with its documented clinical efficacy as an anti-inflammatory agent (Braun and Sutherland, 2003) .
Serratiopeptidase is a proteolytic enzyme available for clinical use more than a decade. Serratiopeptidase binds to alpha -2-macroglobulin in the blood in the ratio of 1:1, which helps to mask its antigenicity but retains its enzymatic activity and is slowly, transferred to site of inflammation. Serratiopeptidase hydrolyses bradykinin, histamine and serotonin responsible for the oedematic status. Serratiopeptidase reduces swelling, improves microcirculation and expectoration of sputum, etc.
This experiment was done to investigate the effect of different amino acids on STP production. 1.0 mg of different amino acids (arginine, proline, leucine, glycine, valine and tryptophan) were supplemented into the production medium.
i. Different organic acids
The effect of organic acids on STP enzyme production was studied using different organic acids like lactic acid, acetic acid, and citric acid at individual concentrations ranging from 0.1% to 3.0% in the production medium.
II. Enzyme production and purification
STP production and purification included the following steps:
Enzyme production and preparation of cell free filtrate Serratia marcescens was grown under optimized conditions in trypticase soy broth. The broth was centrifuged at 10000 rpm for 20 mins at 4ºC in order to obtain a cell free filtrate (CFF). The CFF was filtered through whatman filter paper no.1 and then subsequently through a membrane filter. After performing a test for sterility, 200 ml of the cell free filtrate (CFF) containing STP enzyme were collected and their proteolytic activities and protein content were determined.
Ammonium sulfate fractionation
200 ml of the crude STP enzyme were first brought to 20% (w/v) saturation with solid ammonium sulfate (enzyme grade) according to the chart of Gomori (1955) as mentioned by Dixon and Webb (1964) . The precipitated proteins were separated by centrifugation for 15 min at 500 rpm. The resultant pellet was dissolved in 5 ml of phosphate buffer at pH 7.0. The left supernatant was applied again with ammonium sulfate to achieve 20, 40, 60, 80, and 100% (w/v) saturation. Both enzyme activity and protein content were determined for each separate fraction.
Dialysis against distilled water and buffer
The obtained ammonium sulfate precipitate (in solution) was introduced into special plastic bag for dialysis against distilled water for 3 h, followed by dialysis against phosphate buffer at pH 7.0. The dialyzed STP enzyme preparation was stored in the refrigerator at 5ºC for further purification.
Enzyme activity
The STP enzyme activity was determined as previously mentioned by El-Safey and Ammar, (2002) .
Determination of molecular weight by SDS PAGE analysis
The purified STP enzyme was subject to sodium dodecyl sulphate-poly acrylamide gel electrophoresis (SDS-PAGE) (Ronnle Machielsen et al., 2005) with lower separating gel (pH 8.8), upper stacking gel (pH 6.8) and 16.6% acrylamide concentration. A broad range protein molecular weight marker -(Medox-MX -0211-01) was used to compare with the purified STP enzyme for the determination of the molecular weight of STP and confirmation of the enzyme.
Results

Serratiopeptidase(STP) production
The extracellular STP enzyme was synthesized by Serratia marcescens. The results obtained in this work revealed the ability of Serratia marcescens to produce extracellular STP enzyme. Different growth conditions were established to optimize and obtain the maximum levels of STP enzyme productivity by Serratia marcescens.
Optimization of STP production
The gelatin clearing zone (GCZ) exhibited by the STP produced from Serratia marcescens showed maximum STP enzyme production with a clearing zone of 36mm at an incubation period of 24 h (Table 1.0).
The effects of different incubation temperatures on STP enzyme production were evaluated. It is obvious from the results in Table 1 .1 that 32 ºC was generally more favorable for STP enzyme production producing 36mm GCZ. However, the temperature below or above 32 ºC caused a sharp decrease in STP yield.
Different substrate (gelatin) concentrations were applied for investigating their effect on STP enzyme productivity by Serratia marcescens. Data (Table 1. 2) indicated that the maximum productivity was attained at a gelatin concentration of 0.5 % (w/v) producing 35mm GCZ. Higher or lower concentrations of gelatin resulted in a notable decrease in STP enzyme productivity.
An experiment was designed to investigate the effect of different carbon sources on STP enzyme production by Serratia marcescens. The result in Table 1 .3 showed that the best carbon source for STP enzyme production was glucose. When the Serratia marcescens used glucose as a carbon source, the STP enzyme production reached to the maximum producing 35mm GCZ. The other carbon sources gave weak or no STP enzyme production. Table 1 .4 shows the results of different nitrogen sources in relation to STP enzyme production by Serratia marcescens. Different organic and inorganic nitrogen source were used. The best nitrogen source for STP enzyme production was tryptone producing 34mm GCZ.
Data (Table 1 .5) show that various amino acids incorporated separately into production medium in absence of any other nitrogen sources except gelatin succeeded to promote STP enzyme productivity by Serratia marcescens. Two amino acids (glycine and valine) out of six amino acids under investigation gave stimulatory effects concerning STP enzyme production in comparison to the control and other amino acids under investigation. However, the best amino acid for STP enzyme production was valine producing 35mm GCZ.
The effect of elimination of one of the ingredients in production medium for STP enzyme production by Serratia marcescens was performed. Data indicated that, STP enzyme reached its maximum productivity, when both tryptone and yeast extract were introduced into production medium when glucose was eliminated(Table 1.6).
Different organic acid, lactic, citric and acetic acids were incorporated in production medium to investigate their effects on STP enzyme production by Serratia marcescens. The results (Table 1 .7a,b,c) indicated that all organic acids applied have stimulatory effect to STP enzyme production from concentrations 0.1 to 1.5% (w/v). On the other hand, when increase acids concentrations gave inhibitory effects on production of STP enzyme. When different acids were incorporated to production medium, at 1.5% to 3.0% concentrations there is no STP enzyme production.
The production medium was adjusted to different pH values using phosphate buffer of different pH. Results (Table  1 .8)) indicated that the best buffer was phosphate buffer and optimum pH for production of STP was recorded at 6.0 with 36mm GCZ. A notable decline in the enzyme productivity occurred at both higher and lower pH values.
Ammonium sulphate precipitation of STP
The culture supernatant of Serratia marcescens containing an initial STP activity (210.56 units/ml) was concentrated by ammonium sulfate precipitation. The optimum ammonium sulfate fractionation was 40% (w/v) saturation. It showed increase in specific activity(1004.3712units/ ml) up to 4.77 times compared to the un concentrated supernatant (Table2.0).
Dialysis
The STP was subjected to dialysis against sucrose which resulted in an increase of enzyme activity to 1450.7584 (units/ml). This gave an increase of enzyme activity up to 6.89 times(Table 2.0).
SDS-PAGE analysis of STP
The STP enzyme was viewed as a major separating protein on the electrophoresed poly acrylamide gel stained with coomassie brilliant blue along with other minor protein impurities as the enzyme was not fully purified. On comparison with the protein molecular weight marker the STP was found to have a molecular weight of approximately around 52KDa (Plate 1.0).
Discussion
STP production
Data obtained clearly indicates that Serratia marcescens produces STP enzyme. The optimal conditions for STP production have been determined under bench scale fermentation conditions. The present study indicated that the optimum incubation period for STP production was 24 h (Table 1.0). Myhara and Skura, (1990) investigated optimization of cultural conditions affecting the production of extracellular proteinase by Pseudomonas fragi ATCC 4973 and reported that the optimum incubation period for proteinase production by Ps. fragi was 38 h. However, Abdul-Raouf (1990) reported that both Bacillus anthracis, S-44 and Bacillus cereus var. mycoides S-98 exhibited their maximum ability to biosynthesize proteases within 24 h incubation period since the productivity reached up to 126.09 units/ml for Bacillus anthracis S-44 corresponding to 240.45 units/ml for Bacillus cereus var. mycoides S-98 respectively. Moreover, Johnvesly et al., (2002) , found that a high level of extracellular thermostable protease activity was observed after 24 h incubation.
The maximum enzyme yield of 930 I.U/ml (about 3-fold increase) was obtained with 48 hrs inoculum (Ellaiah and Srinivasulu 1996) .
In a study on the production of proteases and lipases by three strains of psychrophilic Pseudomonas spp in whole milk, Stead, (1987) found a short lag period following inoculation before the growth of cultures. In the same study (Stead, 1987) , protease production by P. fluoresenscens and P. fargi began at 10 th day of incubation and increased rapidly throughout at 50 days of incubation period.
The maximum STP productivity was attained in the presence of gelatin concentration of 0.5% (w/v). Abdul-Raouf (1990) , reported that the maximum protease productivity was attained at a gelatin concentration of 1% (w/v) for Bacillus anthracis S-44, and 1.5-2 % (w/v) for Bacillus cereus var. mycoides S-98.
The results indicated that the optimum temperature for STP enzyme productivity by Serratia marcescens was 32 ºC. Many investigators have studied the relation of temperatures and enzyme production. The temperature ranging from 2-70°C or more depends on the type of organism, the medium conditions and the type of enzyme. Secades, et al., (2001) , observed the same results that the optimum temperature for an extracellular protease produced by Flavobacterium psychrophilum was at temperatures between 25 and 40 ºC. In addition to that, the optimum temperature for protease production was between 30 and 45 ºC (Wery, et al., 2003) . Jobin and Grenier (2003) investigated the production of proteases by Streptococcus suis serotype 2 and recorded that the optimum temperature for protease production ranged from 25 to 42 ºC.
In view of the data of the other investigators, growth and extracellular proteinase production by Enterococcus faecalis subsp. liquefaciens was studied on several culture media and under different incubation conditions. The optimum temperature for production of proteinase was 37 ºC. However, proteinase production was not affected by temperature in the range of 7-45 ºC (Garcia de Fernando, et al., 1991) . In addition to that, a Pseudomonas sp. produced an extracellular thermostable protease. Growth of the organism and the production of protease was optimum at 30 ºC. (Chakraborty and Srinivasan, 1992) .
Under conditions of submerged fermentation of Bacillus licheniformis strain L-3 in 15-L MBR-Schulzer bioreactor, the maximum production of proteolytic enzymes was good up to a temperature stability (65 ºC) (Michalik et al., 1997) . Joo, et al., (2003) reported that alkaline protease secreted by Bacillus clausii of industrial significance had an optimum temperature of 60 º C. Similarly, Johnvesly et al., (2002) , reported that the optimum temperature for protease activity were 70 º C produced by thermo alkalophilic Bacillus sp. JB-99.
Certain carbohydrates were introduced as carbon sources into the production medium of STP biosynthesis by Serratia marcescens. The present results indicated that the glucose was the best carbon source that induced the production of STP by Serratia marcescens on production medium and reached to the maximum productivity. The same finding were reported by Yang, et al., (1999) , who studied the effect of carbon sources on the production of protease by Bacillus subtilis growing in shrimp and crab shell powder medium containing one of the additional carbon sources; glucose, lactose, carboxymethyl cellulose, D(-) arabinose, D(+)xylose, and rice bran. They found that protease production was greatly enhanced by the the addition of lactose or arabinose into the medium and that 1% (w/v) arabinose was the most effective substrate and concentration for protease production. Phadatare et al., (1993) evaluated various sugars such as glucose, lactose, maltose, sucrose, xylose, and sugar alcohols, glycerol, mannitol, and sorbitol for their effect on protease production. The results obtained revealed that sucrose gave maximum protease activity. Moreover, Andrade et al., (2002) found that the protease production reached to the maximum when D-glucose was supplemented to the medium especially when used at low concentrations (40g/l). In contrast, a recent investigation showed that protease from Streptomyces ambofaciens was detected only after glucose depletion (Benslimane et al., 1995) .
Some investigators have reported that glucose has been reported to suppress protease production (Sen and Satyanarayana, 1993 and Sonnleitner, 1983) . Madzak et al., (2000) showed that the sucrose is good substrate for production extracellular proteases. Actually, the production of two extracellular proteases, an endopeptidase and an aminopeptidase, by the marine bacterium Vibrio SA1 was studied in batch cultures. It was supplemented with easily metabolisable carbon compounds such as glucose, lactate and succinate during growth in peptone media (Wiersma et al., 1978) .
The results indicated that the best nitrogen source for STP production by Serratia marcescens was tryptone. Several investigators have studied the effect of nitrogen sources on enzyme productivity. Marine Pseudomonas strain 1452 having the ability to produce extracellular protease uses casein, as the nitrogen and carbon source (Makino, et al, 1981) . Nigam et al, (1981) , reported that, a strain of Pseudomonas aeruginosa from soil produced large quantities of extracellular neutral proteinase and could utilize several organic substances as carbon and nitrogen sources for enzyme production. The growth media required the presence of a high amount of phosphate when glucose was the carbon source. The acid intermediates of citric-acid cycle supported the proteinase production more than any other carbon sources. However, complex nitrogenous substances supported enzyme production more efficiently. Higher concentration of amino acids suppressed the proteinase synthesis.
An extra cellular protease having the activity of coagulase was synthesized by Bacillus subtilis var. amyloliquefaciens when the growth medium contained no nitrogen sources. The removal of a nitrogen source from the medium was found to induce the synthesis of exo proteases by washed bacterial cells (Cherdyntseva, et al, 1982) .
The effect of elimination of the ingredients of production medium (PM) on the productivity of STP enzyme by Serratia marcescens was undertaken. Data indicated that, STP reached its maximum productivity when both tryptone and yeast extract were introduced into production medium.
The results indicated that various amino acids incorporated separately into production medium in absence of any other nitrogen sources except gelatin succeeded to promote STP enzyme productivity by Serratia marcescens. The best amino acid for STP enzyme production was valine.
Our results indicated that all organic acids applied have stimulatory effect to STP enzyme production from concentrations 0.1 to 1.5%. Increase in the acids concentration gave inhibitory effects on production of STP enzyme.
The production medium was adjusted to different pH values using phosphate buffer of various pH. Results indicated that the best pH for production of STP was at pH 6.0 in phosphate buffer with maximum STP productivity. Similarly, the optimal pH of protease activity produced by Clostridium bifermentans NCTC 2914 was 7.0. (Macfarlane and Macfarlane, 1992) . Moreover, investigating the production of proteases by S. suis serotype 2, proteases were identified and characterized using chromogenic and fluorogenic assays and zymography. The optimum pH for all four proteases were between 6 and 8 (Jobin and Grenier, 2003) . In view of the data of the other investigators, Johnvesly et al, (2002) reported that, a high level of extra cellular thermostable protease activity produced by thermoalkaliphilic Bacillus sp. JB-99 was observed at pH 11. So this enzyme showed stable activity under alkaline conditions.The production and properties of protease from Bacillus sphaericus strain C3-41 showed optimal activities of the protease around pH 11.0. The enzyme was stable at pH 5.0-12.0 (Sun et al, 1997) .
Purification of STP enzyme
STP enzyme was purified by ammonium sulfate precipitation and dialysis as mentioned by El-Safey and Ammar, (2003) . A trial for the purification of STP enzyme resulted in enzyme activity of 1450.7584 (units/ml) after dialysis of the enzyme sample. Ammonium sulphate precipitation with 40% saturation had the maximal enzyme activity of 1004.3712 units/ml which was 4.77 times more than the crude STP (Table 2 .0).
The same method were used for purification of thermostable protease produced by B. brevis geltinoamylolyticus attacked fish wastes and poultry wastes. The thermostable protease were purified by applying ammonium sulphate fractionation and sephadex G200 and G100 column chromatography, where specific activity 44562.5 units/ml -1 protien/ml -1 with purification folds of 8.5 times for sehphadex G200 and 69017.5 units/ml -1 protien/ml -1 with purification folds 13.18 times for sephadex G100 .
Properties of the purified protease enzyme
The present result indicated that as STP concentration increased the STP activity increases. This behavior is in accordance with the observations of West, et al. (1967) who stated that within fairly wide limits the speed of enzyme concentration is directly proportional to the enzyme concentration. The same finding also reported by Abd El-Rahman, (1990); El-Safey, (1994); El-Safey and Ammar, (2003) . The STP activity reached to the maximum with optimum substrate (gelatin) concentration 0.5 % (w/v). Increase or decrease of substrate concentration below optimal levels decreased the STP enzyme activity.
Molecular mass of STP
The molecular weight was in correspondence with about approximately 52 KDa which is the molecular weight of the standard STP as demonstrated in SDS-PAGE (Fig 1.0) (Ronnle Machielsen et al., 2006) . The result is an indication of the confirmed production of STP enzyme and the molecular weight determination completes the characterization of the enzyme. 
